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ABSTRACT 
 
 A protocol for in vitro zygotic embryo rescue and regeneration of avocado (Persea americana Mill) cv. 
Hass was developed. The results showed that the best germination percentage (100 %) was achieved with 
embryos cultured after 180 and 210 days from full bloom .Insignificant difference was noticed between MS& 
B5 medium on germination percentage. However, MS medium recorded higher average shoot length compared 
with B5. However, during multiplication stage, MS medium recorded the highest significant number of 
proliferated shoots/explant and shoot length of avocado cv. Hass. The highest shoot length was noticed with MS 
medium. The highest significant number of proliferated shoots/explant was observed with BA at 2 mg/l .The 
greatest number of proliferated shoots/explant was achieved on MS medium supplemented with BA at 2mg/l 
during the 5

th 
subculture (2.6) and MS with BA at 1mg during the 2nd subculture without significant difference 

between them. While, the best rooting percentage was recorded with IBA at 2.0 mg/l (49.6%). The highest 
significant survival percentages (48.4%) was achieved on mixture of sand, peat and vermiculite at ratio 1:1:1.  
 
Key words: Avocado cv. Hass, In vitro, Embryos rescue, Medium type, Sucrose concentration, IBA, BA, Kin, 

Multiplication, Rooting, Acclimatization. 
 
Introduction 
 
 Avocado (Persea americana Mill.) is the most economically important species of the Lauraceae family, 
which have been incorporated into dietary culture of many countries across the world. The majority of cultivars 
traditionally utilized have been selected on the basis of superior yield and fruit quality (Ray, 2002).  
 Avocado, as other subtropical woody crops, has a particularly high rate of fruit abscission. As a result of 
controlled or hand-pollination, only a few fruits remain on the tree and few hybrid embryos develop to maturity. 
This is a serious obstacle for avocado breeding. Premature abortion of the developing embryos results in a 
dramatic reduction of the viable hybrid progeny, which significantly reduces the efficiency of avocado breeding 
programs (Gomez-Lim and Litz, 2004).The conventional breeding techniques for this species are slow and the 
development of cultivars would be aided if an efficient tissue culture system could be developed. In vitro 
embryo culture may allow immature embryos to germinate and convert into plantlet (Burgos and Ledbetter, 
1993). 
 Embryo rescue techniques have been revealed as an important tool to increase the efficiency of breeding 
programs based on hybridization of selected genotypes. This technology enables the recovery of an increased 
progeny, including progeny from interesting crosses that otherwise would be lost (Scemama and Raquin, 1990; 
Sharma et al., 1996), especially useful in subtropical woody crops, as avocado, that exhibit a high rate of fruit 
abscission (Gomez-Lim and Litz, 2004). However, in most cases, when immature embryos are induced to 
germinate, the process occurs at a low rate and the resulting plantlets are weak in size and hyperhydric. This 
problem is especially important in species, such as avocado, showing seed recalcitrance (Sanchez- Romero et 
al., 2007). In vitro embryo rescue of avocado was first reported by Skene and Barlass (1983). They observed 
that shoots could sprout after culturing immature embryos (40-140 days after pollination) in half strength MS 
liquid medium supplemented with 2.22 μM benzyl adenine (BA). They pointed out that embryos <6-weeks-old 
did not produce shoots in vitro with progressively better results being obtained with embryo age. However, the 
rooting capacity of the recovered shoots was low and it was necessary to graft them onto greenhouse grown 
seedlings. 
 The aim of the present investigation was to develop an in vitro culture protocol for rescue of immature 
zygotic embryos of avocado cv. Hass. Different factors affecting the germination process including embryo 
culture date, medium type and sucrose concentration were studied. The effect of medium type, cytokinin 
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concentration, number of subcultures and auxin concentration on regeneration of avocado were investigated and 
the effect of different mixtures of media on plantlet acclimatization has been achieved. 
 
Materials and Methods 
 
 This work was achieved through two successive years 2011 and 2012 in the Tissue Culture Laboratory, 
Horticulture Department, Faculty of Agriculture, Ain shams University, Cairo, Egypt.  
 
1- Plant materials and culture conditions: 
 
 Fruits of avocado (Persea americana Mill.) cv. ‘‘Hass’’ were collected from open-pollinated trees growing 
in private orchard located at Birqash region, Giza Governorate, Egypt. Trees were about 35- year-old , 
cultivated in sandy soil, the fruits were collected at different time from full bloom, Fruits were surface sterilized 
by immersion in 25% Clorox solution, (5.25% (v/v) sodium hypochlorite solutions) supplemented with Tween 
20 (1 drop/100 ml) for 20 min, and rinsed three times with sterile distilled water. Fruits were carefully cut 
lengthways under sterile conditions and zygotic embryos were separated from seeds with a small part of 
cotyledons. Avocado embryos were cultured on two types of medium MS (Murashige and Skoog, 1962) and B5 
(Gamborg, et al., 1968) at full strength. The pH of all media was adjusted to 5.7± 0.02 before autoclaving, 
Media were solidified using Bactoagarv at 7g/l. Twenty five ml of medium was dispensed into glass jars (350 
ml) capped with plastic caps. The media were autoclaved at 121ºC and 100 KPa for 20 min. Avocado embryo 
cultures were incubated at 25± 2C°.Cultures were incubated in darkness during embryo germination stage then 
transferred to light intensity of about 2500 lux, The photoperiod was 16 h light and 8 h dark.  
 
2- Effect of embryo culture date, sucrose concentration and medium type on germination percentage and shoot 
length during embryo germination stage: 
 
 Fruits of avocado cv. Hass were harvested at monthly intervals (30, 60, 90,120,150,180 and 210 days) from 
full bloom, and the average embryo length(mm) for each date was (1.0 – 2), (3.0 – 5.0), (6.0 – 10.0), (11.0 – 
15.0), (16.0 – 20.0), (21.0 – 25.0) and (26.0 – 30.0), respectively. Zygotic embryos were cultured on two 
medium types (MS& B5) at full strength supplemented with 30 or 45 g/l sucrose. Germination percentage and 
average shoot length (mm) were recorded after 6 weeks. Embryos were considered germinated when shoot 
elongation was >5 mm.  
 
3- Effect of medium type, cytokinin treatments and number of subcultures on number and length of proliferated 
shoots during multiplication stage:  
 
 Stem node explants about 1-2cm length produced from germinated embryos during the previous stage were 
cultured on multiplication medium (MS and B5) at full strength supplemented with kinetin (kin) at 5.0, 10.0 and 
20.0 mg/l or benzyl adenine (BA) at 1.0, 2.0 and 5.0 mg/l. All media were supplemented with IBA at 0.2 mg /l. 
The proliferated shoots were subcultured into fresh medium after four weeks for six subcultures. Number of 
proliferated shoots/explant and average shoot length (mm) were recorded after four weeks.  
 
4- Effect of auxin treatments on number of roots / microshoot and average root length during rooting stage: 
 
 Microshoots about 3-5 cm of avocado cv. Hass produced after the 6th subculture were transferred to half 
strength MS medium supplemented with IBA or NAA at 0.5, 1.0, 2.0, and 4.0 mg /l. Rooting percentage, 
number of roots and average root length (mm) were recorded after six weeks on rooting medium. 
 
5- Effect of medium mixture on survival percentage of avocado cv. Hass plantlets during acclimatization stage: 
 
 Plantlets of avocado cv. Hass were rinsed carefully with sterile distilled water to remove adhering medium 
and transplanted into plastic pots (100 ml) containing a mixture of sand : peat : vermiculite with different ratio 
(by volume) at (1:1:1),(1:2:1),(1:1:2),(2:1:1),(2:2:1),(2:1:2),(1:2:2). Plantlets were incubated under greenhouse 
conditions. Survival percentages were recorded after six weeks from transplanting. 
 
6- Experimental design and statistical analysis: 
 
 All experiments were arranged in a completely randomized design. Each treatment contained three 
replicates with 5 explants for each replicate. Recorded data were subjected to Analysis Of Variance (ANOVA). 
Duncan's multiple range test was employed for means comparisons according to Snedecor and Cochran(1982). 
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Results and Discussions 
 
1- Effect of embryo culture date, medium type, and sucrose concentration on germination percentage and 
average shoot length (mm) of avocado cv. Hass embryos: 
 
 Data presented in Table (1-a) showed that the highest germination percentage (100%) was recorded with 
embryos cultured after 180 and 210 days from full bloom. On the other hand the lowest significant value was 
observed with embryo culture date of 30 and 60 days. The embryos cultured after 180 days from full bloom 
recorded the highest average shoot length (mm). While, the embryos cultured after 60 days from full bloom 
recorded the lowest value (9.3). 
 Data in Table (1-b) showed that no significant differences between MS& B5 medium on germination 
percentage of avocado cv. Hass embryos. However, MS medium recorded significantly higher average shoot 
length (35.5) compared with B5 (29.2). 
 Data in Table (1-c) showed that no significant differences between both sucrose concentrations (30g/l & 
45g/l) in germination percentage (65.24 & 64.76) of avocado cv. Hass embryos. On the other hand, the sucrose 
at 30 g/l gave significantly higher average shoot length (34.0) compared with sucrose at 45 g/l (30.5 b) of 
avocado cv. Hass embryos. 
 Data in Table (1-d) indicated that embryos cultured after 180& 210 days from full bloom on medium 
supplemented with sucrose at 30& 45 g/l gave the highest significant germination percentage (100%). Embryos 
cultured after 180& 210 days from full bloom on medium containing sucrose at 30 g/l gave significantly the 
highest average shoot length. On the other hand, embryos cultured after 60 days on medium supplemented with 
sucrose at 30g/l gave the lowest value. 
 Table (1-e) illustrated that no significant differences were noticed between medium type (MS& B5) and 
sucrose concentration (30& 45 g/l) on germination percentage. While, MS medium with sucrose at 30g/l gave 
the highest significant average shoot length compared with B5 medium with 30g/l sucrose. 
 Data in table (1-f) showed that embryos cultured after 180 and 210 days on MS or B5 medium recorded the 
highest embryo germination percentage (100). Meanwhile, the highest significant average shoot length (mm) 
was recorded with embryos cultured after 180 days from full bloom on MS& B5 medium.  
  Data in table (1-g) showed that embryos cultured after 180 and 210 days from full bloom on MS or B5 
media supplemented with either 30 or 45g/l sucrose gave significantly the highest germination percentage 
(100%). The highest average shoot length of germinated embryos was achieved with embryos cultured after 180 
days from full bloom on MS medium supplemented with 30g/l sucrose followed by embryos cultured after 210 
days from full bloom on MS medium containing 30g sucrose without significant difference between them. On 
the contrary, embryos cultured after 60 days from full bloom on MS medium supplemented with sucrose at 
45g/l or B5 medium supplemented with sucrose at 30 or 45g/l gave significantly the lowest values. 
 
Table 1: Effect of embryo culture date, medium type and sucrose concentration on germination percentage and average shoot length (mm) 

of avocado cv. Hass embryos. 
 
Table (1-a): Effect of embryo culture date. 

Embryo culture date after full bloom(days) Germination % Average shoot length (mm) 
30 23.3 D 13.9 E 
60 21.7 D 9.3 F 
90 65.0 C 32.2 D 
120 70.0 BC 46.2 B 
150 75.0 B 41.7 C 
180 100.0 A 66.3 A 
210 100.0 A 49.5 B 

Means in each column with similar letter(s) are not significantly different at 0.05%. 
 
Table (1-b): Effect of medium type. 

Medium type Germination % Average shoot length (mm) 
MS 66.7 A 35.5 A 
B5 63.3 A 29.2 B 

Means in each column with similar letter(s) are not significantly different at 0.05%. 
 
Table (1-c): Effect of sucrose concentration.  

Sucrose concentration Germination % Average shoot length (mm) 
30 g/L 65.24 A 34.0 A 
45 g/L 64.76 A 30.5 B 

Means in each column with similar letter(s) are not significantly different at 0.05%. 
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Table (1-d): Effect of sucrose concentration and embryo culture date. 

Sucrose concentration Embryo culture date after full 
bloom(days) Germination % Average  shoot length  

(mm) 

 
30 g/L 

30 20.0 D 14.0 G 
60 23.3 D 9.9 H 
90 63.3 C 33.8 E 
120 73.3 BC 47.8 C 
150 76.7 B 46.2 CD 
180 100.0 A 73.2 A 
210 100.0 A 68.4 A 

 
45 g/L 

30 20.0 D 13.8 G 
60 26.7 D 8.6 H 
90 66.7 BC 30.5 F 
120 66.7 BC 44.5 D 
150 73.3 BC 43.3 D 
180 100.0 A 59.5 B 
210 100.0 A 57.0 B 

Means in each column with similar letter(s) are not significantly different at 0.05%. 
 
Table (1-e): Effect of medium type and sucrose concentration. 

Medium type Sucrose concentration (g/l) Germination % Average shoot length (mm) 
MS 30 67.6 A 34.0 A 

45 65.7 A 30.5 B 
B5 30 62.8 A 10.4 C 

45 63.8 A 31.9 B 
Means in each column with similar letter(s) are not significantly different at 0.05%. 
 
Table (1-f): Effect of medium type and embryo culture date. 

Medium type Embryo culture date after full 
bloom(days) 

Germination % Average shoot length (mm) 

 
 
 

MS 

30 26.7 D 15.2 G 
60 23.3 D 10.6 HI 
90 66.7 C 33.1 EF 

120 70.0 BC 57.3 B 
150 80.0 B 50.5 C 
180 100.0 A 66.3 A 
210 100.0 A 57.2 B 

 
B5 

30 20.0 D 12.6 GH 
60 20.0 D 8.0 I 
90 63.3 C 31.3 F 

120 70.0 BC 35.0 E 
150 70.0 BC 39.0 D 
180 100.0 A 66.3 A 
210 100.0 A 54.6 B 

Means in each column with similar letter(s) are not significantly different at 0.05%. 
 
Table (1-g): Effect of medium type, sucrose concentration and embryo culture date. 

Medium 
type 

Sucrose conc. Germination % 
Embryo culture date after full bloom (days) 

30 60 90 120 150 180 210 
MS 30 g/l 20.0 D 26.7 D 66.7 C 73.3 BC 86.7 AB 100.0 A 100.0 A 

45 g/l 20.0 D 33.3 D 66.7 C 66.7 C 73.3 BC 100.0 A 100.0 A 
B5 30 g/l 20.0 D 20.0 D 60.0 C 73.3 BC 66.7 C 100.0 A 100.0 A 

45 g/l 20.0 D 20.0 D 66.7 C 66.7 C 73.3 BC 100.0 A 100.0 A 
Medium 

type 
Sucrose conc. Average shoot length (mm) 

Embryo age after full bloom (days) 
30 60 90 120 150 180 210 

MS 30 g/l 16.3 I 13.2 IJK 63.2 FG 58.0 C 51.0 D 82.0 A 78.3 A 
45 g/l 14.0 IJ 8.0 LM 30.0 H 56.7 C 50.0 D 50.7 D 64.0 B 

B5 30 g/l 11.7JKL 6.6 M 31.5 H 37.7 EF 41.3 E 64.3 B 52.4 D 
45 g/l 13.6IJK 9.3 KLM 31.0 H 32.3GH 36.7 FG 68.3 B 58.2 C 

Means in each column or row with similar letter(s) are not significantly different at 0.05%. 
 
 Results clearly indicated that embryo culture date found to be the most important factor affecting 
germination of avocado zygotic embryos cv. Hass where embryos cultured after 180& 210 days from full bloom 
(when embryos were 21.0-30mm in length) recorded the highest germination percentages. Data also revealed 
that embryo germination % was progressively increased with increasing number of days towards fruit maturity. 
This result are in agreement with Raghavan, (1997) who reported that the physiological maturity in cultivar 
“Hass” was achieved approximately 305 days after pollination, when embryos were 40 mm in length. Storage 
products accumulated during zygotic embryo development play a key role in its subsequent germination and 
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conversion into plantlets as they provide energy as well as the carbon and nitrogen sources needed for the 
synthesis of new components in the growing seedling. Moreover, Pera´n-Quesada et al., (2005) reported that 
developmental stage has been revealed, in avocado, as a critical factor influencing embryo germination and 
recovery of complete plants. Also, Sa´nchez-Romero et al.,(2002) reported that the development of avocado 
zygotic embryos under in vivo conditions reserve products were mainly accumulated at the end of the 
developmental period, during the maturation phase. 
 In vitro embryo germination of avocado can be achieved on either MS or B5 media. However, MS medium 
gave higher average shoot length compared with B5 medium. This results was in agreement with those found by 
Pliego-Alfaro(1988) who revealed that an important role can be attributed to the medium type where MS media 
appears to be more adequate for avocado culturing immature and mature embryos it gave rise to well-developed 
embryos. Moreover, Bhajwani and Razdan, (1986) reported the salt mixture of Murashige and Skoog (MS) 
medium found to be satisfactory for fruit crops plants and used this medium for culture initiation and shoot 
multiplication of avocado in vitro propagation. Also, Skene and Barlass (1983) achieved in vitro propagation of 
avocado embryos on MS medium with germination percentage between 4- 66%. 
 Results also indicated that insignificant differences were detected between sucrose concentrations at 30 or 
40 g/l on germination percentage of avocado cv. Hass. However sucrose at 30g/l gave the highest significant 
average shoot length. Fuentes et al., (2003) used sucrose at 30g/l for germination of avocado embryos.  
 
2- Effect of medium type, cytokinin treatments, and number of subcultures on number of proliferated 
shoots/explant & average shoot length (mm) of avocado cv. Hass during multiplication stage:  
 
 Data in Table (2-a) indicated that MS medium surpassed B5 medium in the term of number of proliferated 
shoots as it recorded greater number of proliferated shoots (1.36) compared with B5 medium (0.88). Also, MS 
medium surpassed B5 medium in the term of average shoot length (mm) as it recorded the longer shoot length 
(24.7) compared with B5 medium (18.7). 
 Data in Table (2-b) revealed that avocado stem node cultured on medium supplemented with BA at 2 mg/l 
and IBA at 0.2 mg/l recorded the highest significant number of proliferated shoots (1.56). On the other hand, 
Kin at 5 mg/l & IBA at 0.2 mg/l gave the lowest value (0.70). No significant differences were shown between 
cytokinin treatments (kin & BA) on average shoot length (mm). 
 Data in Table (2-c) showed that the highest significant numbers of proliferated shoots/explant (1.47 & 1.35) 
were achieved during the 5th & 2nd subcultures without significant difference between them. While, the lowest 
values were noticed during the 3

rd
 and 4th subcultures. However, the first and second subcultures recorded the 

highest significant average shoot length (mm) (29& 27.4) respectively. 
 Table (2-d) clarified that the highest number of proliferated shoots/explant was found with MS medium 
during the 2nd and 5

 
th subcultures. On the other hand, the least value was noticed with B5 medium during the 6th 

subculture. MS medium in the first and second subcultures recorded the highest average shoot length (38.3& 
39.0) respectively. Whereas, MS medium in the sixth subculture gave the lowest value (14.7). 
 Table (2-e) illustrated that the highest significant number of proliferated shoots/explant was achieved with 
MS medium containing kin at 20 mg/l and BA 2mg/l. Meanwhile, the lowest value was noticed with B5 
medium supplemented with BA 5 mg/l. higher average shoot length was found when cultured on MS medium 
supplemented with Kin at 5 and 10 mg/l and BA at 1.0 and 2.0 mg/l. On the other hand, B5 medium 
supplemented with Kin at 10 mg/l gave the lowest value (17.3). 
 Table (2-f) showed that BA at 2 mg/l during the 5th subculture recorded the highest significant number of 
proliferated shoots. While, the lowest value was found with Kin at 5 mg/l during the 3rd subculture. Kin at 5 
mg/l gave the highest average shoot length during the 1st subculture. On the other hand, the lowest value was 
noticed with Kin at 10 and 20 mg/l during the 6th subculture.  
 Table (2-g) indicated that the greatest number of proliferated shoots /explant was achieved on MS medium 
supplemented with BA at 2 mg/l during the 5

th  
subculture (2.6) and MS with BA at 1mg during the 2nd 

subculture without significant difference between them. On the other hand, the lowest value was found with 
MS& B5 media supplemented with Kin at 5 mg/l in the 3

rd 
subculture and B5 medium containing Kin at 20 mg/l 

during the 6th subculture. MS medium supplemented with Kin at 5, 10 and 20 mg/l in the 1st and 2nd subcultures 
recorded significantly the highest average shoot length. On the other hand, MS medium supplemented with Kin 
at 10 & 20 mg/l in 6th subcultures gave the lowest values. 
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Table 2: Effect of medium type, cytokinin treatments and number of subcultures on number of proliferated shoots/explant and average 
shoot length (mm) of avocado cv. Hass during multiplication stage. 

 
Table (2-a): Effect of medium types. 

Medium type Number of proliferated shoots/explant Average shoot length (mm) 
MS 1.36 A 24.75 A 
B5 0.88 B 18.76 B 

Means in each column with similar letter(s) are not significantly different at 0.05%. 
 
Table (2-b): Effect of cytokinin treatments. 

Cytokinin treatments 
(mg/l) 

Number of proliferated shoots/explants Average shoot length (mm) 

Kin 5.0 0.70 D 22.7 A 
Kin 10.0 0.88 C 21.3 A 
Kin 20.0 1.25 B 20.7 A 
BA 1.0 1.13 B 21.4 A 
BA 2.0 1.56 A 22.6 A 
BA 5.0 1.21 B 21.9 A 

 Means in each column with similar letter(s) are not significantly different at 0.05%. 
 
Table (2-c): Effect of number of subcultures. 

Number of subcultures Number of proliferated shoots/explants Average shoot length (mm) 
1st Subculture 1.24 B 29.0 A 
2nd Subculture 1.35 AB 27.4 A 
3rd Subculture 0.90 C 18.5 B 
4th Subculture 1.02 C 18.3 B 
5th Subculture 1.47 A 19.4 B 
6th Subculture 0.75 D 17.6 B 

 Means in each column with similar letter(s) are not significantly different at 0.05%. 
 
Table (2-d): Effect of medium type and number of subcultures. 

Medium type Number of subcultures 
 

Number of proliferated 
shoots/explant 

Average shoot length (mm) 

MS 
 1

st

 subculture 1.56 B 38.3 A 

2
nd

 subculture 1.73 AB 39.0 A 

3
rd 

subculture 0.90 E 21.3 B 

4
th

 subculture 1.22 C 17.0 DEF 

5
th 

subculture 1.84 A 18.2 CDE 

6
th

 subculture 0.93 DE 14.7 F 

B5 
 1

st

 subculture 0.92 DE 19.8 BCD 

2
nd

 subculture 0.90 E 15.8 EF 

3
rd 

subculture 0.90 E 15.8 EF 

4
th

 subculture 0.83 E 19.7 BCD 

5
th 

subculture 1.11 CD 20.7 BC 

6
th

 subculture 0.56 F 20.7 BC 

Means in each column with similar letter(s) are not significantly different at 0.05%. 
 
Table (2-e): Effect of medium type and cytokinin treatments.  

Average shoot length (mm) Number of proliferated shoots/explant Cytokinin treatments (mg/l) Medium type 
27.2 A 0.94 DE Kin 5.0  

 
MS 

 

25.2 AB 1.13 CD Kin 10.0 
23.5 BC 1.63 A Kin 20.0 
24.3 AB 1.4 B BA 1.0 
25.0 AB 1.76 A BA 2.0 
23.3 BC 1.32 BC BA 5.0 
18.2 DE 0.46 F Kin 5.0  

 
B5 

 

17.3 E 0.63 F Kin 10.0 
17.8 DE 0.86 E Kin 20.0 
18.5 DE 0.86 E BA 1.0 
20.2 DE 1.11 CD BA 2.0 
20.5 CD 0.56 F BA 5.0 

Means in each column with similar letter(s) are not significantly different at 0.05%. 
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Table (2-f): Effect of cytokinin treatments and number of subcultures.  
Cytokinin 
treatments 

(mg/l) 

Number of proliferated shoots/explants 
Number of subcultures 

1st 2nd 3rd 4th 5th 6th 
Kin 5.0 0.9 G-J 0.9 G-J 0.2 M 0.6 JKL 1.2 C-F 0.4 LM 
Kin 10.0 1.1 E-H 1.1 E-H 0.5 KLM 0.7 I-L 1.4 B-E 0.5 KLM 
Kin 20.0 1.3 C-F 1.5 BCD 1.2 D-F 1.4 B-E 1.2 D-G 0.9 G-J 
BA 1.0 1.3 C-F 1.6 BC 0.8 H-K 0.9 G-J 1.6 BC 0.6 JKL 
BA 2.0 1.6 BC 1.7 B 1.6 BC 1.3 C-F 2.1 A 1.1 E-H 
BA 5.0 1.2 C-F 1.3 CF 1.1 E-H 1.2 C-F 1.3 C-F 1.0 F-I 

Cytokinin 
treatments 

(mg/l) 

Average shoot length (mm) 
Number of subcultures 

1st 2nd 3rd 4th 5th 6th 
Kin 5.0 32.0 A 28.5 ABC 19.0 H-L 19.0 H-L 22.5 D-H 15.6 JKL 
Kin 10.0 31.0 AB 29.5 ABC 17.5 H-L 19.0 H-L 16.0 JKL 14.5 L 
Kin 20.0 31.5 AB 28.0 ABC 15.5 KL 16.5 I-L 18.0 H-L 14.5 L 
BA 1.0 28.0 ABC 27.0 A-D 18.5 H-L 20.0 G-K 16.0 JKL 19.0 H-L 
BA 2.0 27.5 A-D 25.5 C-F 21.0 F-J 18.0 H-L 22.5 D-H 21.0 F-J 
BA 5.0 24.5 C-G 26.5 B-E 20.0 G-L 17.5 H-L 21.5 E-I 21.5 E-H 

Means in each column or row with similar letter(s) are not significantly different at 0.05%. 
 
Table (2-g): Effect of medium type, cytokinin treatments and number of subcultures. 

Medium 
type 

Cytokinin 
treatments 

(mg/l) 

Number of proliferated shoots/explants 
Number of subcultures 

1st 2nd 3rd 4th 5th 6th 
 

MS 
Kin 5.0 1.4 DEF 1.4 DEF 0.2 J 0.6 HIJ 1.6 CDE 0.4 IJ 
Kin 10.0 1.6 CDE 1.6 CDE 0.4 IJ 0.8 GHI 1.8 BCD 0.6 HIJ 
Kin 20.0 1.6 CDE 1.8 BCD 1.4 DEF 2.0 BC 1.4 DEF 1.6 CDE 
BA 1.0 1.8 BCD 2.2 AB 0.6 HIJ 1.2 EFG 2.0 BC 0.6 HIG 
BA 2.0 1.8 BCD 1.8 BCD 1.8 BCD 1.4 DEF 2.6 A 1.2 EFG 
BA 5.0 1.2 EFG 1.6 CDE 1.0 FGH 1.3 DEF 1.6 CDE 0.4 IJ 

 
 
 

B5 
 
 

Kin 5.0 0.4 IJ 0.4 IJ 0.2 J 0.6 HIJ 0.8 GHI 0.4 IJ 
Kin 10.0 0.6 HIJ 0.6 HIJ 0.6 HIJ 0.6 HIJ 1.0 FGH 0.4 IJ 
Kin 20.0 1.0 FGH 1.2 EFG 1.0 FGH 0.8 GHI 1.0 FGH 0.2 J 
BA 1.0 0.8 GHI 1.0 FGH 1.0 FGH 0.6 HIJ 1.2 EFG 0.6 HIJ 
BA 2.0 1.4 DEF 1.6 CDE 1.4 DEF 1.2 EFG 1.6 CDE 1.0 FGH 
BA 5.0 1.3 DEF 1.0 FGH 1.2 EFG 1.2 EFG 1.0 FGH 0.8 GHI 

Medium 
type 

Cytokinin 
treatments 

(mg/l) 

Average shoot length (mm) 
Number of subcultures 

1st 2nd 3rd 4th 5th 6th 
MS Kin 5.0 48 A 44 AB 23 G-J 15 K-P 20 H-M 13 M-P 

Kin 10.0 41 ABC 48 A 19 H-N 18 H-O 15 K-P 10 P 
Kin 20.0 43 ABC 41 ABC 17 I-P 13 M-P 17 I-P 10 P 
BA 1.0 36 CDE 38 BCD 23 G-J 19 H-N 12 NOP 18 H-O 
BA 2.0 32 DEF 33 DE 25FGH 17 I-P 24 GHI 19 H-N 
BA 5.0 30 EFG 30 EFG 21 H-L 20 H-M 21 H-L 18 H-O 

B5 
 

Kin 5.0 16 J-P 12 NOP 15 K-P 23 G-J 25 FGH 18.3 H-O 
Kin 10.0 21 H-L 11 OP 16 J-P 20 H-M 17 I-P 19 H-N 
Kin 20.0 20 H-M 15 K-P 14 L-P 20 H-M 19 H-N 19 H-N 
BA 1.0 20 H-M 16 J-P 14 L-P 21 H-L 20 H-M 20 H-M 
BA 2.0 23 G-J 18 H-O 17 I-P 19 H-N 21 H-L 23 G-J 
BA 5.0 19 H-N 23 G-J 19 H-N 15 K-P 22 H-K 25 FGH 

Means in each column or row with similar letter(s) are not significantly different at 0.05%. 
 
 Results clearly indicated that during multiplication stage, MS medium recorded the highest number of 
proliferated shoots/explant and average shoot length. MS medium supplemented with BA at 2.0 mg/l gave the 
highest number of proliferated shoots during 5th subcultures. MS medium surpassed B5 medium in the term of 
average shoot length (mm) as it recorded higher average shoot length (mm). 
 This results are in contrary with those found by Barcel´o-Muñoz, et al., (1999) who revealed that the 
mineral formulation of both 1/2 strength MS and B5 media did not affect the number of axillary shoots of 
avocado rootstock IV-8 selection. Meanwhile, Pliego-Alfaro et al., (1987) reported that reduction of MS macro 
elements to half strength was beneficial for shoot development of avocado cv. Hass. Marquez-Martin et al., 
(2009) refers that MS medium half strength was adequate for culture zygotic embryos maturation of avocado cv. 
Hass. On the other hand, modified Gamborg medium (B5) induced normal growth and allowed the maintenance 
of embryonic development of avocado cv. Hass compared with 1/2 strength MS medium. Sa´nchez-Romero et 
al., (2007) used modified B5 medium for in vitro rescue of immature embryo of avocado cv. Hass. Also, Perán-
Quesada et al., (2004) successfuly cultured somatic embryos of avocado cv. Anaheim on modified MS medium 
and modified B5 medium. 
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 Data indicated that BA concentrations recorded higher number of proliferated shoots/explant of avocado cv. 
Hass compared with Kin where BA at 2 mg/l recorded the highest number of proliferated shoots/explant. This 
result are in agreement with those found by Barcel´o-Muñoz, et al. (1999) who reported that BA gave better 
results of number of axillary avocado shoots compared with zeatin. Also Skene and Barlass (1983) revealed that 
avocado mature embryos cultured on 1/2 MS medium supplemented with 0.5 mg/ml of BA produce between 4-5 
sprouts per embryo. Multiplication rate of avocado axillary buds in MS medium supplemented with (0.65) 
mg/ml of BA was between (2.3) and (3.7). Also (Cooper, 1987) demonstrated a linear dependence between the 
concentration of cytokinin and multiplication rate of cultivated axillary buds of avocado in range between 0 and 
4 mg/ml. However, BA or kinetin concentration equal or higher than 4 mg/ml produced tissue vitrification. On 
the contrary, Pliego-Alfaro et al.,(1987) Shoot proliferation of avocado adult material in a modified solid MS 
medium supplemented with BA was not feasible due to the high incidence of apical necrosis. 
 Results also revealed that the highest average number of proliferated shoots/ explant were recorded during 
the 2nd& 5th subcultures .Similar observation was found by Mencuccini et al., (1997) who reported that the 
multiplication rate of olive cv."Moraiolo" was increased from 7.0 to 10.5 during the 3rd subculture. Also, 
Hassanien (2003) stated that the increasing rate of shoot number of olive cv."Kalamata" was insignificant during 
1st and 2nd subculture which gave 1.47shoot/explant, while the 3rd subculture gave 1.6 shoots /explant. 
Moreover, the average number of new proliferated shoots of olive cv, "Picual" increased as number of 
subcultures increase up to the 4th subculture then decreased during the 5th subcultures. El-salem, et al., (2008).  
 
Rooting stage: 
 
1- Effect of different auxin treatments (IBA & NAA) on rooting percentage, root number and length (cm) of 
avocado cv. Hass microshoots during rooting stage: 
 
1-1.Rooting percentage: 
 
 Data in table (3) indicated that the highest significant rooting percentage (49.6) was achieved with IBA at 
2.0 mg/l. On the other hand, the lowest significant value (18.4) was occurred with NAA at 0.5 mg/l.  
 
1-2. Number of roots / microshoots: 
 
 Data in Table (3) showed that IBA at 4.0 and 2.0 mg/l gave the highest significant number of roots 
microshoots without significant difference between them. On the other hand, the lowest significant value 
occured with NAA at 0.5 mg/l. 
 
1-3. Average root length (cm): 
 
 Data in table (3) indicated that IBA and NAA at 2.0 or 4.0 mg/l gave the highest significant root length. On 
the contrary, the lowest significant value occured with IBA and NAA at 0.5 mg/l. 
  
Table 3: Effect of auxin treatments (IBA & NAA) on rooting percentage, number of roots and root length (cm) of avocado cv. Hass 

microshoots during rooting stage. 
Auxin treatments (mg/l) Rooting % Number of roots / microshoots Average root length 

(cm) 
IBA at 0.5 28.6 D 2.42 BC 2.2 C 
IBA at 1.0 44.0 C 2.8 BC 2.6 BC 
IBA at 2.0 49.6 A 3.0 AB 4.5 AB 
IBA at 4.0 48.0 B 3.2 A 6.2 A 
NAA at 0.5 18.4 E 1.66 C 1.3 C 
NAA at 1.0 32.8 D 1.87 BC 2.9 BC 
NAA at 2.0 41.0 C 2.34 BC 4.8 AB 
NAA at 4.0 46.2 C 2.44 BC 5.6 A 

Means in each column with similar letter(s) are not significantly different at 0.05%. 
 
 It was obviously shown that addition of IBA at 2.0 mg/l to the rooting medium significantly increased in 
vitro rooting percentage; number of roots / microshoots and average root length of avocado cv. Hass 
microshoots. This results are in accordance with those found by Barcel´o-Muñoz, et al.,(1999) who reported that 
ninety percent of avocado shoots rooted after a 3 day culture in MS medium 1/3 strength supplemented with 4.9 
µM IBA followed by transfer to solid medium in the absence of auxin but with 1 g /l activated charcoal. Also 
Pera´n-Quesada, et al.,(2004) successfully rooted microshoots of avocado on MS medium 1/3 strength 
supplemented with IBA at 4.92 µM /l. El-salem (2008) indicated that the least values of rooting percentage, 
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number of roots and root length of apricot cv. Ferriana microshoots were noticed with all NAA tested 
concentration compared with IBA.  
 
Acclimatization stage: 
 
Effect of medium mixture on survival percentage of avocado cv. Hass plantlets during acclimatization stage: 
 
 Table (3) indicated that medium mixture containing sand: peat: vermiculite (1: 2: 1 by volume) recorded the 
highest survival percentage of avocado cv. Hass (48.4). On the other hand, the lowest value (22.8) occurred with 
medium containing sand: peat: vermiculite (2: 1: 1) and (1: 1: 1).  
 
Table 3: Effect of medium mixture on survival % of avocado cv. Hass plantlet during acclimatization stage. 

Medium mixture 
(Sand: Peat :Vermiculite) 

Survival% 
 

1 : 1: 1 33 CD 
1 : 2: 1 48.4 A 
1 : 1: 2 22.8 D 
2 : 1: 1 28.5 D 
2 : 2: 1 38 C 
2 : 1: 2 36.6 C 
1 : 2: 2 43 B 

Means in each column with similar letter(s) are not significantly different at 0.05%. 
 
 This results are in accordance with those found by, AAbbdd  EEll--GGaawwaadd,, et al (2006) indicated that the 
combination treatment (25% vermiculite + 25% perlite + 25% sand + 25% loam) induced the highest survival 
percentage of banana shoots and improved shoot length, shoot thickness, leaf length, root length and roots 
number parameters. Moreover, Bondouk et al. (1989) found that the mixture of peat-moss, sand and clay at the 
rate of 1: 1: 1 was the best medium for banana acclimatization and plant growth which expressed as number of 
leaves. 
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